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Abstract:  Cold-formed steel members are increasingly used as primary structural elements in 
the building industries around the world due to the availability of thin and high strength steels 
and advanced cold-forming technologies. Cold-formed lipped channel beams (LCB) are 
commonly used as flexural members such as floor joists and bearers. However, their shear 
capacities are determined based on conservative design rules. For the shear design of LCB 
web panels, their elastic shear buckling strength must be determined accurately including the 
potential post-buckling strength. Currently the elastic shear buckling coefficients of LCB web 
panels are determined by assuming conservatively that the web panels are simply supported at 
the junction between their flange and web elements. Hence finite element analyses were 
conducted to investigate the elastic shear buckling behavior of LCBs. An improved equation 
for the higher elastic shear buckling coefficient of LCBs was proposed based on finite 
element analysis results and included in the ultimate shear capacity equations of the North 
American cold-formed steel codes. Finite element analyses show that relatively short span 
LCBs without flange restraints are subjected to a new combined shear and flange distortion 
action due to the unbalanced shear flow. They also show that significant post-buckling 
strength is available for LCBs subjected to shear. New equations were also proposed in which 
post-buckling strength of LCBs was included. 
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1. Introduction 
 
In recent times cold-formed high strength steel members are increasingly used as primary 
load bearing components in residential, commercial and industrial buildings (Figure 1 (a)). 
They are used in applications such as building frames, roof trusses, purlins and girts, floor 
framing and many other load bearing components. The increasing use of cold-formed steel 
sections has enhanced interest in the design and efficiency of cold-formed steel members. 
Lipped channel and Z-sections are commonly used in the light gauge steel framing industry 
due to their high strength-to-weight ratio, economy of transportation and handling, ease of 
fabrication, simple erection and installation. Figure 1 (b) shows the cross-section of lipped 
channel beams (LCB) while Tables 1 and 2 provide the currently available LCB sections and 
their dimensions. 
 
In steel building systems, LCBs are commonly used as flexural members, for example, floor 
joists and bearers. For LCBs to be used as flexural members, their flexural and shear 
capacities must be known. In this research the elastic shear buckling behaviour of LCBs was 
investigated using finite element analyses including the effect of true support conditions at the 
junction between their flange and web elements. The results were then used to develop an 
equation for the elastic shear buckling coefficient of LCBs and determine the corresponding 
ultimate shear capacity improvement based on the current shear design rules.  
 
In the traditional shear design method of LCBs, the web shear buckling behavior is 
considered in isolation without considering the effect of flange rigidity. The shear strength of 
cold-formed steel lipped channel beam was studied by LaBoube and Yu (1978) with due 
consideration given to the web slenderness ratio, the edge support conditions provided by the 
flanges with varying flat width to thickness ratios, and the mechanical properties of steel. 
Most of their tests were based on a single aspect ratio of 1.0. Local or distortional buckling 
failures were not observed in LaBoube and Yu’s (1978) experiments since the test specimens 
consisted of two LCBs connected by angle sections and rectangular bars at their compression 
and tension flanges, respectively. LaBoube and Yu (1978) obtained the ultimate strengths of 
LCBs by assuming that the web-flange juncture of LCB is simply supported. Single web side 
plates were used at the end supports and the loading point in order to eliminate any torsional 
loading of test beams and web crippling of flanges and flange bearing failures. 
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Pham and Hancock (2009) investigated the elastic buckling of unlipped and lipped channel 
section members subject to shear using an isoparametric spline finite strip method. They 
identified the effect of flanges on the shear buckling of web elements of channel sections. 
Four different shear flow distribution cases and two boundary conditions were considered in 
their study. Boundary conditions used in Pham and Hancock (2009)’s finite strip models were 
simply supported with and without lateral restraints along the two longitudinal edges of web 
panel. Pham and Hancock (2009) used two different spans to investigate the effect of 
length/width ratio on shear buckling stresses. They found that flanges can have a significant 
influence on the shear buckling capacity of thin-walled channel sections and that lack of 
lateral restraint for sections with narrow flanges can lead to premature buckling of the section 
in a twisting and lateral buckling mode. However, Pham and Hancock (2009) did not propose 
a simple equation to determine the shear buckling coefficient of lipped channel beams. The 
aim of this research is to propose a simple predictive equation for the shear buckling 
coefficient of lipped channel beams based on finite element analyses (FEA).  
 
Pham and Hancock (2010) conducted an experimental study to determine the ultimate shear 
capacity of high strength cold-formed channel sections subjected to a predominantly shear 
action.  Twenty four tests of LCBs with two different depths and three different thicknesses 
were conducted with equal angel steel straps on both top and bottom flanges adjacent to the 
loading and reaction points to prevent section distortion at loading and reaction points. They 
also conducted six tests without straps adjacent to the loading points on the top flange.  Pham 
and Hancock (2010) found that the shear capacities of LCBs with straps are higher than those 
of LCBs without straps. However, there are no simple equations to determine the ultimate 
shear strength and shear buckling coefficient of lipped channel beams without straps. 
 
In this research, elastic buckling analyses were undertaken using suitable finite element 
models of cold-formed lipped channel beams developed based on ABAQUS. These ideal 
models included idealised simply supported boundary conditions and a shear flow based 
loading to prevent any torsional effect. The shear buckling modes and shear buckling 
coefficients of lipped channel beams are presented in the paper. 
 
In some applications in the building industry, LCBs are not used with straps at the supports. 
In order to investigate the effect of straps on the shear buckling behaviour of LCBs, the same 
ideal finite element model was used with suitably modified boundary conditions. Finite 
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element analyses show that relatively short span LCBs (aspect ratio = 1.0) are subjected to a 
combined shear and flange distortion action when the LCBs are not used with straps at the 
loading point and supports. However, the LCBs with straps experience only shear buckling 
when their flanges are restrained. This combined shear and flange distortion action of LCBs 
has not been reported in previous studies. The flange distortion occurs due to the unbalanced 
shear flow in the section. The shear buckling modes and shear buckling coefficients of LCBs 
without straps are also presented in the paper. 
 
Keerthan and Mahendran (2010) investigated the shear behaviour and strength of LiteSteel 
beams (LSBs). The LiteSteel Beam (LSB) is a cold-formed hollow flange channel section 
produced using dual electric resistance welding and automated continuous roll-forming 
technologies (OATM, 2008). In the shear tests and finite element analyses, LSBs did not 
experience any flange distortion when flanges were not connected by straps (flange 
restrained) as LSBs have rigid hollow flanges (balanced shear flow).   
 
2. Elastic Shear Buckling Analyses of Lipped Channel Beams 
2.1. Model Description 
This section describes the development of finite element models to investigate the shear 
behaviour of lipped channel beams (LCB) including their elastic shear buckling 
characteristics. For this purpose, a general purpose finite element program ABAQUS (HKS, 
2007), which has the capability of undertaking geometric and material non-linear analyses of 
three dimensional structures, was used. Ideal finite element models of LCBs were developed 
using ABAQUS Version 6.2 (HKS, 2007). Idealized simply supported boundary conditions 
were implemented in LCBs under a three–point loading arrangement. Figure 2 shows the 
schematic diagram of the loading set-up used in this research. ABAQUS has several element 
types to simulate the shear behaviour of beams. But among those, shell element was selected 
for the ideal model as it has the capability to simulate the shear buckling behaviour of LCBs. 
The shell element available in ABAQUS called S4R5 was used to model the shear behaviour 
of LCBs. This element is thin, shear flexible, isometric quadrilateral shell with four nodes and 
five degree of freedom per node, utilizing reduced integration and bilinear interpolation 
scheme. The finite element model of LCBs was developed using their centreline dimensions 
based on the nominal external dimensions given in Tables 1 and 2. Keerthan and Mahendran 
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(2010) found that the effect of corners on the shear buckling behaviour of LiteSteel beams is 
negligible (less than 1%). Therefore in the finite element models of LCBs, their corner radius 
was not included. Finite element models were created using MD PATRAN R 2.1 pre-
processing facilities and then submitted to ABAQUS for the analyses. The results were also 
viewed using MD PATRAN R 2.1 post-processing facilities.  
 
In the elastic buckling analyses undertaken in this study the elastic modulus (E) and Poisson’s 
ratio (ν) were taken as 200,000 MPa and 0.3, respectively. In order to provide simply 
supported conditions for the shear panel of LCBs, following boundary conditions were 
applied at the supports and the loading point (middle point). 
 Simply supported in-plane - Both ends fixed against in-plane vertical deflection but 
unrestrained against in-plane rotation, and one end fixed against longitudinal 
horizontal displacement. 
 Simply supported out-of-plane - Both ends fixed against out-of-plane horizontal 
deflection and twist rotation, but unrestrained against minor axis rotation. 
 
The vertical translation was not restrained at the loading point. Table 3 shows the boundary 
conditions used along the edges of the model. Applied loading was based on the shear flows 
and forces in LCBs to eliminate any torsional loading effects. The loading and boundary 
conditions used in the finite element model used in this research are similar to those used by 
Keerthan and Mahendran (2010) in their research on the shear buckling behaviour of LiteSteel 
beams. 
 
Figure 3 shows the geometry and finite element mesh of a typical LCB while Figure 4 shows 
the finite element model of 102x51x12.5x1.0 LCB. LaBoube (1978) and Pham and Hancock 
(2010) used equal angle steel straps on both top and bottom flanges adjacent to the loading 
and reaction points to prevent section/flange distortion and lateral buckling at the loading and 
reaction points. Hence simply supported conditions were also applied to both top and bottom 
flanges at the loading and support points to prevent flange distortion and lateral buckling as 
this section focuses on the shear buckling behaviour of LCBs.  In some applications in the 
building industry, LCBs are not used with straps at the supports. Therefore further finite 
element analyses were also conducted for LCBs without straps to simulate this practical 
application. In this case flanges were not restrained. Details of the finite element models of 
LCBs without straps and their shear buckling coefficients are presented in Section 4. 
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2.2. Elastic Shear Buckling 
 
2.2.1. General 
 
Timoshenko and Gere (1961) and Stein (1985) investigated the shear buckling stress of flat 
rectangular plates. Elastic shear buckling stress of a rectangular plate is given by Timoshenko 
and Gere (1961) as follows. 
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where  
d1, tw = Clear height and thickness of web 
kv = Shear buckling coefficient (5.34)  
 
The shear buckling coefficient (kv) of a plate simply supported on all four edges varies from 
5.34 for a very long plate to 9.34 for a square plate. For a web element with a large depth to 
thickness ratio, its shear capacity is governed by its elastic shear buckling stress. The elastic 
critical shear buckling stress can be computed using Equation 1 if the relevant elastic shear 
buckling coefficient (kv) is known. 
 
Equation 2 gives the elastic shear buckling capacity (Vv) of cold-formed steel beams, 
assuming that E = 200,000 MPa and ν = 0.30 (SA, 2005). 
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In the early days the web-flange juncture of cold-formed steel beams was assumed as simply 
supported due to lack of means to evaluate it in a rational manner. Basler (1961) assumed that 
the web panel of plate girders was simply supported at the web-flange juncture while 
LaBoube and Yu (1978) also assumed that the web panel of lipped channel beam was simply 
supported at the web-flange juncture. Recent research by Lee et al. (1995) has shown that the 
boundary condition at the flange-web juncture in practical designs is much closer to fixity for 
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plate girders. They showed that the assumption that the web panel is simply supported at the 
web-flange juncture leads to a significant underestimation of the ultimate shear strength 
because of the underestimation of the elastic shear buckling strength of plate girders. 
Keerthan and Mahendran (2010) have also shown that the boundary condition at the flange-
web juncture of LiteSteel beams is much closer to a fixed condition. 
 
Keerthan and Mahendran (2010) proposed the following simple equations based on FEA 
results for the determination of the shear buckling coefficients (kLSB) of LiteSteel beams in 
terms of the shear buckling coefficients of web plates with simple-simple (kss) and simple-
fixed (ksf) boundary conditions. The latter case refers to web panels that have fixed conditions 
at the web-flange juncture and simply supported along the other two edges. Equation 3 shows 
that the shear buckling coefficient of LiteSteel beams (kLSB) is closer to ksf due to the presence 
of two rigid rectangular hollow flanges. 
 
                                                                                                        (3) 
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where  a = Shear span of web panel, d1 = Clear web height and a/d1 = Aspect ratio 
 
2.2.2. Analyses 
 
In order to obtain the shear buckling coefficient of LCBs, elastic buckling analyses were 
conducted based on the developed finite element model of LCB with an aspect ratio (a/d1) of 
1.0 (see Figure 2). Twenty LCBs were chosen based on the commonly used sizes shown in 
Tables 1 and 2.  S4R5 shell elements were used with a suitable mesh size of 5mm x 5mm for 
the entire cross-section and length of LCB sections. ABAQUS uses the subspace iteration 
)(87.0 sssfssLSB kkkk −+=
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Eigenslover in its buckling analyses. In the buckling analyses, five buckling mode shapes 
were considered. 
 
Figure 5 shows the typical shear buckling mode of LCBs. Table 4 compares the shear 
buckling coefficients (kLCB) determined from the elastic buckling analyses of LCBs for an 
aspect ratio of 1.0. The reference buckling coefficients, kss and ksf, were determined by using 
Equations 4 and 5, respectively. Table 4 shows that the shear buckling coefficient of LCBs, 
kLCB, is not closer to ksf as for LiteSteel beams. However, it is higher than kss, indicating that 
the realistic support condition of LCB at the web-flange juncture is more rigid than a simply 
supported condition. 
 
In order to investigate the effect of flange width to clear web height ratio (bf/d1) on the shear 
buckling behaviour of LCBs, further finite element analyses were conducted with varying 
flange widths. Table 5 compares the elastic shear buckling coefficients (kLCB) determined 
from the elastic buckling analyses of LCBs with varying flange widths for an aspect ratio of 
1.0.  Figure 6 shows the shear buckling coefficients of LCBs with varying flange width to 
clear web height ratio. Table 5 and Figure 6 show that the elastic shear buckling coefficient of 
LCBs rapidly increases when the flange width to clear height of web ratio increases up to 0.3. 
However, it did not increase much after the flange width to clear height ratio has exceeded 
0.3. Hence it can be concluded that flange width to clear height of web ratio should be 
increased to 0.3 in order to gain about 23% fixity level. Figure 6 compares the elastic shear 
buckling coefficients of LCBs from this research and Pham and Hancock (2009). It shows a 
good agreement between them. Figure 7 (b) shows a typical deformed cross-section of 
buckled LCB. This can be compared with the deformation shapes of plates with simply 
supported and fixed edges as shown in Figures 7 (a) and (c), respectively. These deformed 
shapes show that the boundary condition at the web-flange juncture of LCBs is more rigid 
than a simply supported condition. Figure 8 shows the shear buckling mode of LCBs with 
varying flange widths. 
 
2.3. Shear Buckling Coefficient 
 
Based on the elastic buckling analysis results in Tables 4 and 5, the following simple equation 
(Equation 6) was developed for the determination of the elastic shear buckling coefficients of 
LCBs. For this purpose the minimum shear buckling coefficient of LCBs of 10.08 from Table 
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4 was used. The values of kss and ksf for a given aspect ratio were determined from Equations 
4 and 5, respectively. 
)(23.0 sssfssLCB kkkk −+=                          3.0
1
≥
d
bf                                                                  (6a)                     
ssLCB kk =                          3.0
1
≤
d
bf             (6b)                                                                         
where 
 bf = flange width  
 d1 = clear web height 
kLCB = Shear buckling coefficient of LCB and kss, ksf = Shear buckling coefficients of plates 
with simple-simple and simple-fixed boundary conditions. 
 
This equation is similar to that proposed by Keerthan and Mahendran (2010) for the shear 
buckling coefficient of LiteSteel beams. The proposed shear buckling coefficient equation for 
LCBs (Equation 6) shows that the boundary condition at the flange-web juncture of LCBs is 
equivalent to 23% fixed condition. Since the level of fixity at the web-flange juncture of 
LCBs is the same for the available LCBs, Equation 6 is applicable for all the aspect ratios 
( 1
1
<
d
a  and 1
1
≥
d
a  ). 
 
3. Design Equations for the Shear Strength of Lipped Channel Beams 
New shear strength formulae were proposed for LCBs based on the current design capacity 
equations in the North American Specification (AISI, 2007). They are presented in terms of 
shear strength (τv) instead of shear capacity (Vv). The increased shear buckling coefficient 
given by Equation 6 (kLCB) was included to allow for the additional fixity in the web-flange 
juncture instead of kv assumed as 5.34 in AISI (2007). Equations 7 to 9 present the relevant 
design equations when post-buckling strength is not included, where fyw is the web yield 
stress and d1/tw is the ratio of clear web height to web thickness. Equations 7 and 8 for shear 
yielding and inelastic shear buckling regions were modified based on the AISI design rules 
and test results. In the modified equations a coefficient of 0.60 was used instead of 0.64 based 
on the current AISI design rules. Inelastic region boundaries were also modified to provide a 
smooth transition between the failure regions, ie., ywLSB fEk415.1  was changed 
to ywLSB fEk508.1 ) to obtain a smooth design curve. 
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Long span LCBs are being used in practical applications and do not have transverse stiffeners. 
In order to simulate this practical application, the infinity aspect ratio was also considered. 
Figure 9 presents the new design curves based on the proposed equations (Eqs. 7 to 9) for the 
aspect ratio of infinity based on an increased buckling coefficient of 6.18, and compares them 
with the AISI design equations. Figure 9 shows that the ultimate shear capacities predicted by 
the current design rules in AISI are conservative because AISI design rules assume that the 
web panel is simply supported at the juncture between the flange and web elements and uses a 
smaller shear buckling coefficient (kv) of 5.34. However in this study it was found that the 
realistic support condition at the web-flange juncture of LCB is 23% closer to a fixed support 
condition. Therefore the assumption considered by AISI may result in conservative shear 
design for lipped channel beams. 
 
Keerthan and Mahendran (2011) have proposed improved design equations for the ultimate 
shear strength of LiteSteel beams based on finite element analysis and test results. Their 
design equations can also be used for other cold-formed steel sections such as LCBs, provided 
suitable predictive equations are available for their elastic shear buckling coefficient (kv). 
Presumably because of lack of experimental evidence on the shear capacity of plates without 
stiffeners, design codes do not include the post-buckling strength in shear, and the design 
shear stress in webs is therefore limited by the elastic buckling capacity (Suter and Humar, 
1986). Pham and Hancock (2010) have investigated the post-buckling strength of LCBs using 
2
1
905.0






=
w
LCB
v
t
d
Ekτ






=
w
ywLCB
v
t
d
fEk
1
60.0τ
 
11 
experimental studies and confirmed that post-buckling shear strength is present in LCBs and 
that it can be included in their design. This study also investigated the post-buckling strength 
of LCBs using finite element analyses, and made the same observations. Hence Equations 10 
to 12 were also developed in which post-buckling strength was included. Here post-buckling 
is included in the inelastic and elastic buckling regions to replace Equations 8 and 9.  New 
designs Equations (Eqs. 10 to 12) are based on Keerthan and Mahendran (2011), who used a 
similar approach for LiteSteel beams. The nominal shear capacities (Vv) can be calculated by 
multiplying the shear strengths (τv) from Equations 7 to 9 and Equations 10 to 12 by the area 
of web element (d1tw). 
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Keerthan and Mahendran (2011) used a post-buckling strength coefficient of 0.25 for 
LiteSteel beams. However, the ultimate shear strength data of LCBs from experimental results 
reported in Keerthan and Mahendran (2012) showed that a smaller value of 0.2 should be 
used for LCBs. Hence in Equations 11 and 12 a coefficient of 0.2 is used. Further details are 
given in Keerthan and Mahendran (2012). 
 
New design equations were also proposed for the shear strength of LCBs in a similar manner 
to those of the section moment capacity of beams subject to local buckling (Equations 13 and 
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14) using the experimental ultimate shear strength data of LCBs reported in Keerthan and 
Mahendran (2012). These equations follow the direct strength method format. As for hot-
rolled I-sections, only two regions based on shear yielding, and elastic and inelastic shear 
buckling, were considered. In these equations, a power coefficient of 0.55 was used instead of 
0.4 based on the experimental results of LCBs. Further details are given in Keerthan and 
Mahendran (2012). Equations 10 to 14 are also plotted in Figure 9 for long span LCBs 
(infinity aspect ratio), which shows the considerable increase in shear capacity due to the 
inclusion of post-buckling strength. 
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Experimental ultimate shear capacity results are also calculated using the DSM format and are 
given in Figure 10. For this purpose, the ultimate shear stress uτ was calculated as the ultimate 
shear capacity from tests divided by the web area of d1tw whereas the slenderness was 
calculated using Equation 15. Figure 10 shows the non-dimensional shear capacity curve for 
LCBs and compares with experimental results. As expected, Equations 10 to 14 predict the 
shear capacities accurately as they include the available post-buckling strength. 
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For the purpose of investigating the post-buckling behaviour of LCBs, nonlinear analyses of 
some LCBs were performed. Here suitable finite element models with simply supported 
conditions applied directly to the web element and flanges were considered. For the non-
linear analysis, an arbitrary small initial imperfection value of d1/100,000 was included in an 
attempt to discern a bifurcation-type buckling load whereas 0.006d1 is the imperfection limit 
(Schafer and Pekoz, 1998). 
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Figure 11 shows the ultimate shear failure mode of 203x76x16x1.5 LCB. A tension field 
action was observed for LCBs in Figure 11. There was considerable post-buckling strength 
for LCBs subjected to shear, in particular for LCBs with large clear web height to thickness 
(d1/tw) ratios (Keerthan and Mahendran, 2011). Figure 12 shows the plot of shear load versus 
lateral deflection for 203x76x16x1.5 LCB. It confims that there was considerable post-
buckling strength due to the tension field action in LCBs subjected to shear. 
 
4. Combined Shear and Flange Distortion Action of Lipped Channel Beams 
 
In some applications in the building industry, LCBs are not used with straps at the supports 
and the loading points. In order to investigate the effect of straps on the shear buckling 
behaviour of LCBs, the same ideal finite element model described earlier in this paper was 
used with different boundary conditions. Here simply supported conditions were applied only 
in the web element to investigate the combined shear and flange distortion action of LCBs. 
Finite element analyses show that relatively short span LCBs without straps (aspect ratio = 
1.0) are subjected to a relatively new combined shear and flange distortion action when the 
LCBs are not used with straps at the loading point and the supports (flanges are not 
restrained). This new combined shear and flange distortion mode was not reported by other 
researchers. The flange distortion occurs due to the unbalanced shear flow. Table 6 compares 
the shear buckling coefficients of LCBs with and without flange restraints (straps). It shows 
that the shear buckling coefficient of LCB is 9.27 when flanges are not restrained (without 
straps). This value (9.27) is close to the shear buckling coefficients of plates with simple-
simple boundary conditions (9.34). The shear buckling coefficient of LCBs decreases due to 
flange distortion when flanges are not restrained. Figure 13 shows the buckling modes of 
LCBs when the flanges are not restrained (without straps). This figure clearly indicates that 
the combined shear and flange distortion deformation occurs due to the unbalanced shear 
flow.  Shear buckling coefficient of LCB without straps is given by the following equation.  
 
kLCB = kss                       (16) 
 
where  kss = shear buckling coefficients of web plates with simple-simple boundary condition 
 
A nonlinear analysis of LCBs without straps was performed to investigate their post-buckling 
behaviour and strength. Here simply supported conditions were applied directly to the web 
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element. Figure 14 shows the ultimate shear failure mode of 203x76x16x1.5 LCB without 
flange restraint (straps). A tension field action was still observed for LCBs without flange 
restraint in Figure 14. Figure 15 shows the plot of shear capacity versus lateral deflection for 
203x76x16x1.5 LCB without flange restraint. It confims that there was still considerable post-
buckling strength due to the tension field action for LCBs without flange restraint (straps) 
subjected to shear. However, the ultimate shear capacities of LCBs without straps are lower 
than those of LCBs with straps due to flange distortion (see Figure 15). Our proposed 
equations (Eqs. 10 to 14) are also applicable to LCBs without straps provided a suitable shear 
buckling coefficient is used, ie. kLCB = kss. Further numerical studies will be undertaken to 
investigate the combined shear and flange distortion behaviour of lipped channel beams.  
 
5. Conclusions 
 
This paper has presented the details of an investigation into the elastic shear buckling 
characteristics of lipped channel beams (LCB) with and without flange restraints. Numerical 
analyses based on three-dimensional finite element modelling were conducted to investigate 
the shear buckling behaviour of different LCB sections. Currently the elastic shear buckling 
coefficients and strengths of web panels are determined by assuming conservatively that the 
web panels are simply supported at the junction between their flange and web elements. 
However, it was found that the web-flange juncture in LCBs has some fixity. An improved 
simple equation was proposed for the higher elastic shear buckling coefficient of LCBs based 
on finite element analysis results, and was included in the ultimate shear capacity equations of 
North American cold-formed steel codes (AISI, 2007). The ultimate shear capacities of LCBs 
predicted by the current design rules are very conservative as the potential post-buckling 
strength has also not been included while also assuming that web panels are simply supported 
at the web-flange juncture. New ultimate shear capacity equations were also proposed in 
which the post-buckling strength of LCBs was included. It was found that relatively short 
span LCBs are subjected to a new combined shear and flange distortion action when they are 
not used with straps at the loading points and supports. This new combined shear and flange 
distortion mode was not reported by other researchers. It was found that there was 
considerable post-buckling strength due to the tension field action in LCBs with and without 
straps (flange restraint) subjected to shear.  
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